In recent years, both in Europe and the United States, Aspergillus terreus is an increasingly seen pathogen (5, 23) . A. terreus is seen considerably less frequently than Aspergillus fumigatus or Aspergillus flavus (10) . A. fumigatus is usually highly susceptible to amphotericin B in vitro, with a MIC of Ͻ1 g/ml. For A. fumigatus and A. flavus, failure of amphotericin B may be related to poor drug penetration as well as decreased MIC for some isolates (16) . Resistance to itraconazole is uncommon but is associated with clinical failure and failure in animal models (6, 24) . Clinical failure has been documented for polyene therapy of A. terreus and may be related in part to the resistance which is typically documented in vitro (23, 25) . A. terreus has relatively high mortality, perhaps because of such resistance (12) . A. terreus is susceptible in vitro to the new triazoles voriconazole and posaconazole (2, 23) .
We considered that newer antifungal drugs, such as echinocandins and broad-spectrum triazoles, might be more effective therapy of A. terreus infection than amphotericin B. Walsh et al. have found A. terreus to be susceptible to posaconazole in experimental aspergillosis (25) . Accordingly, we utilized a model of disseminated aspergillosis in neutropenic mice for evaluation of alternative antifungal treatments of A. terreus infection.
MATERIALS AND METHODS

Pathogen.
A. terreus R3371, a clinical isolate, was obtained from the Fungus Testing Laboratory of The University of Texas Health Science Center. A. terreus was maintained on potato flake agar. In vitro susceptibilities, performed by the NCCLS method M38-A, were 2 g/ml for amphotericin B and 0.06 g/ml for posaconazole, at 48 h of incubation (15) . The caspofungin susceptibility, performed by the minimum effective concentration test of Kurtz et al., was Յ0.125 g/ml (11). Cultures were harvested from conidia by scraping the surface of the medium. Conidia were separated from mycelial fragments by passage through glass wool, washed three times, and suspended in sterile phosphate-buffered saline. Conidia were counted using a hemacytometer, preparing the infecting dose in 0.2-ml quantities.
Infection. Male ICR mice weighing approximately 30 g were maintained four per cage and given food and water ad libitum. One day before infection, mice were rendered neutropenic by 5-fluorouracil at 150 mg/kg of body weight intravenously and cyclophosphamide at 200 mg/kg intraperitoneally. Mice were infected intravenously with doses between 2.4 ϫ 10 5 to 2.1 ϫ 10 7 CFU of A. terreus/mouse.
Treatment. Beginning 1 day after infection, groups of eight mice were treated with amphotericin B at 6 mg/kg intraperitoneally once daily or 10 mg/kg intraperitoneally every other day. Caspofungin was administered at 0.5, 5, 10, or 15 mg/kg intraperitoneally once daily. Posaconazole was given orally at 10, 20, or 40 mg/kg once daily. Treatment was continued from days 1 through 7. Studies were terminated on day 8. For measurement of tissue burdens, spleens and lungs were removed aseptically and homogenized, and the homogenate was plated in serial dilutions for semiquantitative cultures.
Assessment of response. For each study, a survival plot was made through 8 days. Cultures of spleens and lungs were done for mice sacrificed on day 8 and also mice succumbing earlier than day 8. For tissue burden studies, the organs were removed aseptically, homogenized in 2 ml of sterile saline, by using a constant amount of shear, and then plated in 0.1-ml duplicates on potato dextrose agar using serial 10-fold dilutions. Piperacillin and amikacin were added to homogenates at 60 g/ml, to suppress bacterial growth. Cultures were incubated at 37°C for 2 days. If no counts were seen on the undiluted homogenate, the entire remaining volume of homogenate was plated. Tissue burden was recorded as CFU per lung or CFU per spleen.
Statistics. For survival studies, the log rank test of life tables was used. For studies of tissue burden, the Mann-Whitney U test was used. Comparisons were made with treated versus untreated controls. A P of Յ0.05 was used to determine significant differences. Figure 1 presents the combined results of three studies, all after infection with a high dose of approximately 1.6 ϫ 10 7 CFU of A. terreus/mouse. Controls of each study were similar for survival and tissue burden. There were 24 mice in the control group and 16 mice in the posaconazole 40-mg/kg/day group and the group that was administered amphotericin B at 10 mg/kg every other day. All other groups had eight mice each. Amphotericin B did not prolong survival. Caspofungin was ineffective at low doses but significantly prolonged survival at 10 mg/kg/day (P ϭ 0.0239), as did posaconazole at 20 mg/kg/day (P ϭ 0.0029) and 40 mg/kg/day (P Ͻ 0.0001). Posaconazole at 10 mg/kg did not prolong survival. Figure 2 presents tissue burdens in the lungs and the spleen. Median counts are indicated by a horizontal line. Amphotericin B at a dosing of 10 mg/kg every other day significantly reduced lung counts, as did posaconazole at 10-, 20-, and 40-mg/kg/day doses. Caspofungin had no effect on lung tissue counts ( Fig. 2A) . Amphotericin B at 6 mg/kg daily, caspofungin at 0.5 and 5 mg/kg/day, and posaconazole at 10 mg/kg/day had no effect on reducing the spleen counts. Caspofungin at 10 mg/kg/day and posaconazole at 20 mg/kg/day both reduced spleen counts when compared to controls. Amphoter- 
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on July 5, 2017 by guest http://aac.asm.org/ icin B at 10 mg/kg every other day and posaconazole at 40 mg/kg both showed a trend towards significance in reducing spleen counts (Fig. 2B) . We considered that lower inocula might allow greater demonstration of antifungal drug efficacy. A single study is presented in Fig. 3 . Amphotericin B remained ineffective in prolonging survival of mice infected with 2.6 ϫ 10 6 CFU/mouse. However, both doses of caspofungin and posaconazole significantly prolonged survival (P was Յ0.0054 in all comparisons versus control). An additional study was done with an inoculum of 2.4 ϫ10 5 CFU/mouse. A single study is presented in Fig.  4 . Posaconazole significantly prolonged survival (P ϭ 0.0117) over controls while both amphotericin B and caspofungin were ineffective. As shown in Fig. 5 , posaconazole was the only drug effective in lowering both the lung and spleen counts. In the spleen, caspofungin and amphotericin B were also effective in reducing counts when compared to controls. (12) . Thus, A. terreus is one of the mycoses which, like those of Fusarium and Scedosporium, are of concern when amphotericin B is used as primary therapy for invasive mold infections.
Because there is no way to distinguish A. terreus in the histopathology of infected tissue, or in serum galactomannan assays, the physician treating acute invasive aspergillosis might wish to commence with antifungal therapy which covers polyene-resistant organisms such as A. terreus. The present studies give us some suggestion for alternative treatments. As anticipated, our in vitro and in vivo results confirmed resistance of A. terreus to amphotericin B up to 10 mg/kg, a large dose which is highly effective in mice infected intravenously with A. fumigatus. Caspofungin, which is now being increasingly used in aspergillosis, had a more mixed result. At a challenge of 2.6 ϫ 6 CFU/mouse, caspofungin was highly effective in prolonging survival. At a higher challenge of 1.6 ϫ 10 7 CFU/mouse, only 10 mg/kg was effective in prolonging survival. We do not have an explanation for the failure of caspofungin at 15 mg/kg in the mice given a very low inoculum of 2.4 ϫ 10 5 CFU/mouse. Caspofungin did not consistently reduce tissue counts in the lungs. This may in part be because caspofungin attacks primarily mycelial hyphal tip growth and is static for cells not in active division (11) . The drug fragments the colonies of Aspergillus spp. There is continuing disagreement over whether or not markers such as PCR or galactomannan indicate reduction of total fungal mass (3, 4, 11) . False positives and false negatives may depend on concurrent medications, antifungal therapy, or time points in the course, i.e., false negatives during recovery (1, 7) . Therefore, there may be a role for echinocandins in treatment of acute aspergillosis. There was prolonged survival in some groups of mice treated with caspofungin. Although, all groups were not consistently protective, caspofungin has some efficacy. Increased survival may be a better measure of efficacy than reduction of tissue burden for echinocandins (17, 18) .
The greatest benefit was conferred by posaconazole. At both 20 and 40 mg/kg, posaconazole prolonged life and reduced both lung and spleen tissue fungal burden in the animals infected with 1.6 ϫ 10 7 CFU of A. terreus/mouse. The benefit was rather modest, at a less than 1 log reduction of counts. At an infection of 2.6 ϫ 10 6 CFU/mouse, 10-mg/kg posaconazole was also protective, as measured by survival. At 2.4 ϫ 10 5 CFU/ mouse, posaconazole at 40 mg/kg (the only dose studied) was also protective by survival and tissue burden.
Posaconazole is one of three new broad-spectrum triazoles in clinical use. Posaconazole has a broad antifungal spectrum (19) . Posaconazole is minimally metabolized. Posaconazole has a broader antifungal spectrum than itraconazole and has been clinically effective in small numbers of patients with my- (13, 20, 22) . The present studies suggest that posaconazole would be a reasonable alternative for treating infection with A. terreus. It was clearly the most potent of the three drugs tested. Another broad-spectrum triazole which might be of use is voriconazole. Voriconazole was just approved as the drug of choice for treatment of acute invasive aspergillosis (9) . Voriconazole, like posaconazole, has in vivo activity against nonFumigatus species such as A. terreus (8, 14, 23) . Unfortunately, voriconazole is cleared extremely rapidly in mice, and only measures such as grapefruit juice administration prolong the clearance enough to show much antifungal activity (21). We did not evaluate voriconazole in the present studies and do not know how it would compare with posaconazole.
In summary, we have utilized a mouse model to confirm the known amphotericin B resistance of A. terreus. In the same model we confirmed response to posaconazole and also noted significant antifungal activity of caspofungin. These two new agents may offer some alternatives for patients with A. terreus infection.
